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1.  INTRODUCTION 

This  manual  is  prepared  for  the  users  of  Standard  Missile  Miss-Distance  Model  (SMMDM).  The  work 
involved  with  this  document  was  conducted  under  NAVY  Task  NAV  92/365-Standard  Missile  Modelling. 

Detailed  technical  information  about  the  current  model  (SMMDM)  can  be  obtained  in  the  technical  report 
listed  as  reference  1. 


2.  SIMULATION  PROGRAM 

The  Standard  Missile  Miss-Distance  Model.  SMMDM,  was  developed  within  the  MATRIXx/SystemBuild 
package  on  a  SUN  SPARCstation.  As  a  result,  the  model  as  it  stands  at  the  moment,  can  only  be  run  from 
within  the  MATRIXx/SystemBuild  shell.  However,  if  required,  a  standalone  C  code  version  of  the  model 
can  be  produced. 

2.1  Running  the  model 

Tb  run  the  model  you  need  to  first  load  the  MATRIXx/SystemBuild  shell.  The 
MATRIXx/SystemBuild  shell  is  licensed  software  and  so  can  only  be  loaded  on  machines  which  have  a 
MATRIXx/SystemBuild  license. 

Below  is  a  list  of  the  files  required  to  run  the  Standard  Missile  Miss-Distance  Model 


mwssm6 

-  MATRIXx/SystemBuild  shell 

smld6 

-  Standard  Missile  Miss-Distance  Model 

runsm6 

•  MATRIXx  execution  scrijA 

aerotab 

-  aerodynamic  tables 

missdat 

-  missile  data 

targdat 

-  target  data 

Tb  load  the  MATRIXx/SystemBuild  shell,  execute  the  file  mwssm6.  Once  the  shell  has  loaded,  the 
user  will  be  faced  with  the  MATRIXx  shell  prompt  (i.e.  o).  The  Standard  missile  model  can  then  be 
loaded  with  the  following  command: 

o  load  ’smld6’ 

IS  Superblocks  loaded. 

28  variables  loaded  from  file:  smld6 

Widi  the  model  loaded,  the  execution  script  needs  to  be  defined  as  follows: 
o  deflae  ’nuuind* 

RUNSM6 
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At  this  stage,  the  inputs  to  the  model  may  be  modified  and  the  missile  model  can  be  executed. 

Execution  of  the  model  is  achieved  by  issuing  the  command: 

o  ruiism6 

Z2  Simulation  inputs 

Below  is  a  brief  description  of  all  the  input  variables.  Ibrget  related  inputs: 

XO.  YO,  ZO  -  Initial  target  position  (metres) 

XDO,  YDO,  iZDO  -  Thfget  velocity  vector  (metres/second) 

ATRNTM  -  Time  target  commences  turn  or  weave 

GMAX  -  Maximum  acceleration  of  target  turn  or  weave 

2WVPR  -  Period  of  target  weave 

Missile  related  inputs: 

ZRODG  -  Missile  orientation  (0  or  45  degrees) 

Other  inputs: 

PLOTl  -  Flag  to  plot  3D  trajectories  {  0  to  omit  } 

PLOT2  •  Flag  to  plot  missile  characteristics  (  1  to  (Usplay  } 

XMAX,  YMAX,  ZMAX  -  Scaling  for  3D  plots 
T2LIMIT  •  Hme  limit  for  simulation 

To  view  the  current  value  for  a  variable,  enter  the  variable  name  at  the  MATRDCx  shell  prompt  thus: 

oXO 

XO  =  10000. 

Tb  modify  the  variable’s  value,  enter  <variable  name>  =  <new  value>  thus: 
oXOs  20000 

XO  =  20000. 

Z3  Simulation  outputs 

The  simulation  is  capable  of  producing  three  different  graphical  displays.  The  first  is  a  display  of  the  ' 

missile  laundi  angles  which  is  shown  at  the  beginning  of  the  simulation,  the  other  two  displays  are 
updated  continually  during  die  simulation.  One  of  these  cfisplays  shows  three  dimensional  trajectories  of 
the  missile  and  the  target  and  die  other  shows  some  of  the  diaracteristics  of  the  missile  during  flight 

t 
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2.3.1  Launch  angles 

At  the  start  of  every  simulation,  a  three  dimensional  representation  of  the  missile  with  its  base  at  the 
origin  of  a  set  of  3D  axes  aiming  straight  down  the  X  axis  is  displayed.  The  missile  figure  is  then 
elevated  to  the  launch  elevation  angle  and  then  rotated  around  to  the  launch  bearing  angle.  The  missile 
figure  then  moves  off  the  screen  in  the  direction  it  is  heading.  Figure  1  gives  an  example  of  what  the 
screen  may  look  like. 

GropNcal  mpraMiitalion  of  firing  angles 


2.3.2  3D  Tirajectories 

If  the  PLOTI  variable  is  set  to  1,  then  during  the  simulation  a  three  dimensional  plot  of  the  missile 
and  target  trajectories  will  be  displayed  (figure  2).  The  missile’s  trajectory  is  shown  in  blue  and  the 
target’s  trajectory  is  shown  in  red.  The  3D  effect  is  enhanced  with  the  use  of  vertical  droi^rs  (lines 
drawn  parallel  to  the  Z  axis  firom  the  position  of  the  missile/target  to  the  XY  plane).  The  missile 
trajectory  is  further  enhanced  with  the  use  of  lines  drawn  from  the  "shadow"  of  the  missile  (the  point 
directly  below  the  missile)  perpendicular  to  the  X  and  Y  axes  respectively. 

2.3.3  Missile  characteristics 

If  the  PLOT2  variable  is  set  to  1,  then  during  the  simulation,  a  display  of  the  missile’s 
characteristics  will  be  shown  (figure  3).  The  display  is  split  into  diree  areas  described  below. 
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Figure  2.  Display  of  3D  trajectories 
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Hgure  3.  Display  of  missile’s  characteristics 
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The  top  left  section  shows  the  missile  in  the  pitch  plane.  The  flgure  of  the  missile  is  drawn  at  its 
current  pitch  angle  on  a  background  of  bird  figures.  The  background  moves,  at  a  speed  relative  to  tlK 
current  missile  velocity  in  the  pitch  plane,  in  the  opposite  direction  to  tlK  pitch  angle  of  the  missile's 
actual  flight  path.  This  attempts  to  give  the  effect  of  viewing  the  missile  moving  through  the  sky  from 
the  side.  There  is  a  flame  drawn  out  the  back  of  the  missile  where  its  length  represents  the  current 
{diase  of  the  missile’s  flight.  i.e.  a  full  length  flame  reix'esents  the  boost  i^se,  a  half  length  flame 
represents  the  sustain  phase,  and  no  flame  for  the  glide  phase. 

The  top  right  section  of  the  display  shows  the  missile  in  the  yaw  plane.  The  missile  is  drawn  at 
its  current  yaw  angle  on  a  background  of  wave  figures.  This  background  moves,  relative  to  the  current 
missile  velocity  in  the  yaw  plane,  in  the  opposite  direction  to  the  yaw  angle  of  die  missile’s  actual 
flight  path.  This  attempts  to  give  the  effect  of  viewing  the  missile  from  directly  above.  There  is  also 
a  flame  drawn  out  the  back  of  the  missUe  as  described  for  the  missile  in  the  top  left  section  of  the 
display. 

The  bottom  section  of  the  screen  shows  the  fin  movements  of  the  missile  along  with  some 
numerical  data  for  the  top  two  sections.  A  rear  view  of  the  missile  is  displayed  with  the  fins  in  the 
orientation  specified  by  the  ZRODG  variable,  (figure  3  shows  the  missile  in  the  0  degree  orientation). 
The  deflection  of  each  pair  of  fins  is  displayed  both  graphically  and  numerically.  The  graphical 
representation  of  the  fin  shows  the  rear  half  of  the  fm  with  a  kinked  edge  whereas  the  front  half  has 
a  straight  edge.  The  actual  value  of  each  fin  deflection  is  displayed  to  the  right  of  the  corresponding 
fin.  This  bottom  section  also  displays  the  following  values  ; 

a) Missile  body  pitch  angle, 

b) Missile  body  yaw  angle, 

c) Missile  pitch  incidence  angle, 

d) Missile  yaw  incidence  angle, 

e) Tlme. 


2.4  Program  termination  conditions 

The  conditions  to  terminate  the  program  consist  of  a  number  of  warning  conditions  of  a  fatal  nature. 
These  are: 

a)  The  run  time  limit 

b)  Missile  is  no  longer  closing  to  target  (effective  after  the  boost-phase). 

c)  The  tine  of  the  missile  pitch  angle  is  greater  than  unity  (almost  vertical  missile  orientation). 
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d)  The  tangent  of  the  missile  roll  angle  exceeds  0.4  (fail  to  maintain  zero  roll  objective). 

e)  The  missile  is  below  the  ground  level  (ditched) 

0  The  missile  incidence  angle  exceeds  30”  (limit  for  the  metod  of  finding  stability  derivatives). 

g)  The  missile  Mach  number  exceeds  7.0.  Oimit  for  calculations  based  on  Mach  number). 

h)  TIk  missile  static  margin  is  negative  (effective  after  the  boost-i^ase). 

i)  The  missile  seeker  head  azimuth  or  elevation  angle  exceeds  60”  (mechanical  limit). 

J)  The  missile  roll  rate  exceeds  S40  ”/s  (equations  for  yaw  and  pitch  assume  negligible  roll  rate). 

k)  The  missile  mass  is  negative. 

l)  The  stagnation  temperature  is  excessive  for  steel  (  missile  is  damaged). 

m)  The  missile  lateral  acceleration  in  yaw  and  pitch  plane  exceeds  18g  (structural  damage  limit). 

n)  The  missile  velocity  is  subsonic  (missile  is  no  longer  has  an  effective  c^ability  to  catch  the 
target). 

o)  The  closing  speed  is  less  than  550  ffs  (168  m/s)  (minimum  dopier  shift  to  achieve  and  maintain 
the  front  lock). 


2.5  Program  termination  outputs 

The  program  produces  an  ouqrut  array,  Y(m,n),  where  m  is  the  number  of  output  variables  (which  is 
191)  and  n  is  the  numbn  of  time  steps  performed  during  the  simulation.  Y  can  be  used  to  monitor  the 
performance  of  the  selected  missile  components  during  the  simulation  or  to  compare  the  simulation  results 
with  telmetry  data  which  can  be  obtained  from  the  actual  missile  firing.  The  first  20  variables  of  Y  are 
defined  below.  Note  that  the  definitions  of  the  remaining  variables  are  available  in  the  actual  program. 


Y(l,n)  =  Qosing  velocity  (m/s) 

Y(24t)  =  Missile  velocity  (m/s) 

Y(341)  =  Nfissile  X  position  in  Earth  Axes  (m) 

Y(44i)  -  Nfissile  y  position  in  Earth  Axes  (m) 

Y(5ji)  s  Nfissile  z  position  in  Earth  Axes  (m) 

Y(64i)  =  Ikiget  X  position  in  Earth  Axes  (m) 

Y(7ji)  s  Tkrget  y  position  in  Earth  Axes  (m) 

Y(84i)  »  Tkrget  z  position  in  Earth  Axes  (m) 


Y(9,n)  a  Tkngent  of  missile  body  yaw  angle  in  Earth  Axes 
Y(10,n)  a  Sine  of  missile  body  pitch  angle  in  Earth  Axes 
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Y(ll,n)  =  Missile  to  target  range  (m) 

Y(12.n)  =  Head  Gimbal  angle  in  A-plane  (rad) 

Y(13,n)  =  Head  Gimbal  angle  in  B-pIane  (rad) 

Y(14,n)  =  Missile  body  total  incidence  angle  (rad) 

Y(15,n)  =  Maximum  missile  lateral  acceleration  limit  (m/s^) 

Y(16,n)  =  Missile  Mach  Number  (M) 

Y(17,n)  =  Achieved  missile  lateral  acceleration  in  pitch  (m/s^) 

Y(18,n)  =  Achieved  missile  lateral  acceleration  in  yaw  (m/s^) 

Y(19,n)  =  Total  drag  force  coefficient 


Y(20,n)  =  Missile  centre  of  gravity  position  from  the  nose,  (m) 
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figure  5.  Fire  Control  Computer  Block  Diagrams. 
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Figure  7.  Missile  Rocket  Motor  Data  Blocks. 
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Figure  11.  Piognun  Ibnniintion  Block. 
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